Introduction
Fusiform ruptured aneurysms of the vertebral artery involving posterior inferior cerebellar artery (PICA) or the vertebro-PICA (VA/PICA) origin are challenging aneurysms to treat.
1 Direct surgical clipping is usually not possible due to circumferential involvement of the vessel. Many surgical approaches have been described including clip/wrapping, segmental sacrifice, flow reversal with proximal occlusion, distal occlusion, and bypass with trapping. Of all these treatments, bypass with trapping likely offers the most durable option with less chance of infarction than trapping or sacrifice alone. Though endovascular techniques have been used, 2 cases of vessel sacrifice result in a predictably high rate of infarction and newer techniques such as flow diversion are limited in cases of subarachnoid hemorrhage due to the need for dual antiplatelet agents. Because of the extremely variable anatomy of the vertebral and PICA vasculature, the optimal treatment must be carefully determined with a full understanding of the specific angiographic anatomy and the impact of potential anatomic variations. In this report, we describe two cases of aneurysms involving the origin of PICA, both with very unusual anatomic features as well as the decision making involved in achieving a successful treatment for each.
Case Illustrations Case 1: Fusiform Vertebral Origin Aneurysm with Serpentine Recanalization
This 52-year-old female patient presented with neck pain followed by severe headache and loss of consciousness. She
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was found to have a Fischer grade 4, Hunt and Hess grade 3 subarachnoid hemorrhage. Computed tomographic angiography (CTA, ►Fig. 1) showed a possible left PICA origin saccular aneurysm, however, angiography revealed a small serpentine fusiform recanalization within the larger aneurysm dome. The aneurysm was not large or giant as most serpentine aneurysms are, and if it had been mistaken for a saccular aneurysm and clipped, would have resulted in occlusion of PICA at the origin and likely medullary and PICA infarction. Because of this very unusual anatomy, the decision was made to perform a bypass to the distal PICA and trap the serpentine segment at the inflow and outflow. The patient was taken for suboccipital craniotomy, partial left condylectomy, and midline PICA-PICA side-to-side anastomosis followed by trapping of the aneurysm at the origin of PICA. At the time of surgical inspection, there was found to be a separate inflow and outflow vessel into a larger dome, which could have been mistaken for a saccular or fusiform sidewall type aneurysm. Postoperatively, the patient was found to have a small asymptomatic distal left PICA stroke. She was discharged to rehab with no neurologic deficit but significant deconditioning. A 6-month follow-up angiogram showed patency of the bypass and the patient had returned to her neurologic baseline with no deficit.
Case 2: Vertebral Dissecting Aneurysm Involving the Origin of a Bihemispheric PICA and the Anterior Spinal Artery
This 42-year-old female patient presented after sudden onset worst headache of her life (►Fig. 2). On arrival, she was intubated, weakly following commands in the upper extremities with no significant movement in the lower extremities.
Angiogram showed a fusiform dissecting aneurysm of the left vertebral artery involving the origin of PICA as well as the origin of the anterior spinal artery (ASA). The PICA was recognized to be a bihemispheric variant, crossing midline, and serving the contralateral PICA territory with aplasia of the contralateral PICA. The patient was taken for suboccipital craniotomy, partial left condylectomy, and occipital artery to PICA anastomosis (due to the lack of contralateral PICA). The vertebral artery was then clipped just proximal to the dilated segment. No distal clip was applied to allow retrograde filling of the ASA from the contralateral vertebral artery. Early follow-up angiography revealed patency of the bypass filling the bihemispheric PICA, patency of the ASA, and a small amount of slow filling of the aneurysm at the ASA level. She developed vasospasm and required balloon angioplasty to the right vertebral artery. She had a prolonged recovery with pneumonia and meningitis and required tracheostomy and percutaneous endoscopic gastrostomy tube. At 6-month follow-up, the aneurysm is angiographically cured with patency of the bypass (feeding the bihemispheric PICA) as well as the ASA (from retrograde flow). Clinically she was awake and oriented, beginning to ambulate, and living at home.
Discussion
These two cases of ruptured aneurysms represent very unusual anatomic variations involving the VA/PICA origin. Each required tailored decision making and a detailed understanding of the involved anatomy as well as various bypass techniques to achieve angiographic cure. In case 1, the CTA revealed a small aneurysm at the origin of PICA, which appeared to likely be a simple saccular aneurysm. Angiography revealed instead that this was a very unusual small serpentine aneurysm with a separate inflow and outflow vessel. To our knowledge, this type of aneurysm has not been reported. Serpentine aneurysms are typically large or giant and require trapping and ensuring distal vascular supply, either with surgical revascularization or by relying on internal collaterals. 3, 4 The same principle applies of trapping with restoration of distal flow was applied in this case. The technique of PICA-PICA side-to-side anastomosis was chosen due to the relative simplicity of the bypass and lack of extensive dissection time, 5 though other options such as occipital to PICA 6 and PICA reimplantation to the vertebral artery or interposition grafting could also be considered. In case 2, the anatomic nuance was the recognition of the bihemispheric variant of the PICA as well as the origin of the ASA. Though previously thought to be rare, 7 we have recently observed a much higher incidence of bihemispheric PICA in greater than 3% of cases. 8 Sacrificing the vertebral artery in this segment would have put a much larger territory at risk for stroke than usually considered in cases of PICA sacrifice. This observation also was critical in planning of the bypass procedure in that a side-to-side anastomosis would not have been effective since the contralateral tonsillar loop of PICA was being fed by the ipsilateral PICA origin. For this reason, the occipital artery was required for revascularization of the PICA territory before proximal occlusion of the vertebral artery. The addition of distal occlusion for full trapping was considered as well and would have been a The described cases illustrate the importance of an understanding of potential anatomic variants and the need for technical proficiency with multiple treatment options depending on the specific anatomy of a specific aneurysm in this region.
Conclusions
Two very unusual cases of ruptured aneurysms involving the origin of PICA are presented. Each case illustrates a different bypass strategy for revascularization and trapping of the aneurysm. These cases underscore the importance of understanding the highly variable anatomy in treatment decision making. Familiarity with a variety of surgical, endovascular, and bypass options is critical for vascular neurosurgeons treating these complex lesions.
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